Tetrakis[di-iefi-butyl(methyl)silyl]-1-disilagermirene readily reacts with benzaldehyde to form the new strained bicyclic compounds: mono-and bis-adducts, depending on the reaction conditions and the ratio of the reagents. The usual [2+2] cycloaddition pathway is accompanied with the subsequent isomerization and insertion reactions.
Experimental Part
All experiments were carried out in MBRAUN MB 150B-G glove box in argon atmosphere or by using high-vacuum line techniques. All solvents were dried and degassed over potassium mirror in vacuum immediately prior to use. NMR spectra were recorded on a Bruker AC-300FT NMR spectrometer ( 1 H NMR at 300.13 MHz; 13 C NMR at 75.47 MHz; ^Si NMR at 59.63 MHz). Mass-spectra were obtained on JEOL JMS SX-102 instrument. Elemental analysis was performed in the Analytical Center at Tohoku University (Sendai). X-ray analysis determinations were performed on Mac Science DIP 2030 Image Plate Diffractometer with a rotating anode (50 kV, 90 mA) employing graphite-monochromated MoKa radiation (λ = 0.71070 A). The structures were solved by direct methods and refined by full-matrix least-squares method with the SHELXL-97 program. 1-disilagermirene 1 was prepared according to the literature [9] .
Compound 2: 1-Disilagermirene 1 (86 mg, 0.11 mmol) was reacted with an equimolar amount of benzaldehyde (13 mg, 0.12 mmol) in dry, oxygen-free C e D 6 (0.55 ml). Reaction proceeded extremely quickly even at low temperature, and the red color of the starting material 1 disappeared almost immediately. After evaporation of the solvent in vacuum, the residue was recrystallized from hexane to give 2 as yellow crystals (61 mg, 62 %); m. 3 . The final R factor was 0.0372 for 10703 reflections with / 0 > 2σ(/ 0 ) (Rw= 0.1078 for all data). GOF = 1.034.
Compound 4: 1-Disilagermirene 1 (50 mg, 0.07 mmol) was reacted with an excess of benzaldehyde in a dry oxygen-free C 6 D e (0.55 ml). The intermediate formation of compound 2 was proved by NMR spectroscopy as a sole product, which was reacted with the second equivalent of benzaldehyde by heating at 70 °C for 30 minutes. After the reaction was completed, the solvent was evaporated in vacuum, and the residue was recrystallized from hexane to give 4 as colorless crystals (37 mg, 58 %); m. Crystallographic data for the structures reported in this paper have been deposited with the Cambridge Crystallographic Data Centre and the CCDC numbers for compounds 3 and 4 are 160775 and 160776, respectively.
Results and Discussion
It is well known that the reactions of disilenes with aldehydes and ketones proceed as [2+2] cycloaddition to produce the corresponding disilaoxetanes [13] . Therefore, one can reasonably expect the formation of the bicyclic compound, containing the disilaoxetane fragment, in the reaction of 1 -disilagermirene 1 with carbonyl compounds. But in fact, we found that the reaction of 1-disilagermirene 1 with benzaldehyde proceeds through a combination of both cycloaddition and insertion reactions, resulting in the formation of new strained bicyclic compounds.
Thus, the reaction of 1 with an equimolar amount of PhCHO in deuteriobenzene proceeded extremely fast even at low temperature, to form c/s-1,4,5,5-tetrakis[di-terf- butyl(methyl)silyl]-3-phenyl-2-oxa-1,4-disila-5-germabicyclo[2.1.0]pentane 2, which was isolated as yellow crystals in 62% yield (Scheme 1). The compound 2 can be quite logically considered as the result of the stereospecific [2+2] cycloaddition reaction to produce only one stereoisomer, although the reactions of metallenes of Group 14 elements with benzaldehyde sometimes give the inseparable mixtures of two possible stereoisomers [14] , The compound 2 has a very characteristic signal at 79.7 ppm in the 13 C NMR spectrum, which is typical for the carbon atom in the disilaoxetane four-membered ring system. The compound 2 is, apparently, kinetically stabilized by the through-space attractive interaction of the electron-rich phenyl group and the empty o*-orbital of the exocyclic Si-Ge bond. Nevertheless, such an arrangement of the phenyl group is unfavorable due to its steric repulsion with the bulky silyl substituents on Ge atom. As a result, under the relatively mild conditions (70 °C, 1 h) the initially formed compound 2 was quantitatively isomerized to a final, thermodynamically more stable, frans-1,4,5,5-tetrakis[diferi-butyl(methyl)silyl]-3-phenyl-2-oxa-1,4-disila-5-germabicyclo[2.1.0]pentane 3, isolated as bright-yellow crystals (Scheme 1). The compound 3, which is a stereoisomer of 2, exhibited the spectral characteristics very similar to those of 2. Thus, 3 also revealed the characteristic for disialoxetane fragment signal at 84.62 ppm in the 13 C NMR spectrum. X-ray crystallographic analysis of 3 showed a fused bicyclic structure comprising threeand four-membered rings. It may be regarded as containing both a disilagermirane fragment and a disilaoxetane fragment and represents the first example of the bicyclic disilaoxetane derivative (Figure 1 ). The structure of 3 has a highly folded skeleton with a dihedral angle between the planes of three-and four-membered rings of 108°. The phenyl group is arranged in a trans-posWion to the Ge atom (relative to the plane of four-membered ring) in order to decrease steric hindrance. The most important detail of the structure is the endocyclic Si-Si bond length, which is only 2.3269(6) A, compared with 2.418(5) A for disilagermirane reported by Watanabe [15] .
The significant shortening of the Si-Si bond is caused by the rigid fused skeleton of 3, which makes the bridgehead Si-Si bond highly strained. Similarly, the same high strain of the bridgehead Si-Si bond is, apparently, characteristic of the isomeric compound 2. Therefore it is not surprising, that when 1-disilagermirene 1 was reacted with an excess of benzaldehyde, at first the bicyclic compound 2 was formed, that after the short heating (C 6 D 6 , 70 °C, 0.5 h) was transformed to the new bicyclic compound: 1,4,7,7-tetrakis[di-fert-butyl(methyl)silyl]-3,5-diphenyl-2,6-dioxa-1,4-disila-7-germabicyclo[2.2.1]heptane 4, isolated in 58% yield as colorless crystals (Scheme 1). The formation of compound 4, which has a norbornane type skeleton, can be explained as the result of an insertion of the C=0 group of a second molecule of benzaldehyde into the strained bridgehead Si-Si bond of 2. The formation of 4 from 3 can be ruled out, since even upon heating of 3 with an excess of benzaldehyde at 70 °C for 17 h no reaction took place. X-ray analysis of 4 ( Figure 2) showed that insertion of the C=0 group of the second molecule of benzaldehyde into the Si-Si bond of 2 occurs both regio-and stereospecifically to form exclusively only one isomer, in which the two oxygen atoms are connected to the same silicon atom and the two phenyl groups are arranged in a frans-position to each other relative to the C1-C2-02-01 mean plane. Thus, the reaction of 1 with benzaldehyde represents the combination of [2+2] cycloaddition followed by an insertion pathway in one reaction, which is a quite unusual example in the chemistry of disilenes. The reaction of 1-disilagermirene 1 with carbonyl compounds is highly sensitive to the steric requirements: thus, there is no reaction of 1 with benzophenone PhCOPh or benzil PhCOCOPh at room temperature. On the other hand, upon heating at 70 °C the reaction mixture of 1 with benzil became very complicated, probably due to the competitive isomerization of 1-disilagermirene to 2-disilagermirene [9] and several possible cycloaddition reactions: [4+2] and [2+2],
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